Objective: To evaluate dentist-related factors associated with the use of vital pulp therapy (VPT) for the treatment of pulp exposures in permanent teeth. Methods: This survey-based study sent an online questionnaire to collect data on the demographics of the respondents, the use of VPT and the choice of materials for VPT, to all members of the Society of Endodontology of Guangdong, China. Results: A total 183 of 380 members responded (48.2%). The majority (89.6%; 164 of 183) had performed direct pulp capping (DPC) while 55.2% (101 of 183) had performed partial pulpotomy (PP) at least once. The most-cited reason for not performing VPT was unfamiliarity with the technique. Mineral trioxide aggregate was the most commonly used material for both DPC (67.1%; 110 of 164) and PP (73.3%; 74 of 101). Endodontists, compared with general practitioners, preferred to perform DPC and chose calcium silicate materials (CSMs) for VPT (odds ratios 5.81 and 8.07, respectively). DPC and CSMs for VPT were also favoured more by respondents who had practised for > 5 years. Senior respondents were more likely to use PP. Conclusions: Speciality, years of practise and age of dentists influenced the decision making and the choice of materials for VPT. Continuing education is essential to promote the clinical use of VPT.
Introduction
With the improved understanding of pulp biology, vital pulp therapy (VPT) is considered a viable alternative to root canal treatment (RCT) for permanent teeth, 1 since preserving pulp vitality, even with inflamed pulp, is more attainable than previously thought. 2, 3 With strict case selection and a proper treatment protocol, VPT could serve as a viable treatment for the management of permanent teeth with inflamed pulp. 4, 5 Direct pulp capping (DPC) and partial pulpotomy (PP) are two VPT procedures, wherein a material is applied on the exposed pulp. 6 Both procedures demonstrate favourable outcomes in vital permanent teeth with pulpitis or even apical periodontitis. [7] [8] [9] [10] High success rates above 91% were reported for VPT techniques, including indirect pulp capping, DPC, miniature pulpotomy and full pulpotomy using calcium-enriched mixture cement in mature permanent molars. 10 However, for permanent teeth with carious pulp exposures, success rates for DPC are inconsistent, while that of partial or full pulpotomy is higher for 3 years or longer. 4 Partial or full pulpotomy has been recommended for teeth with clinical signs and symptoms indicating irreversible pulpitis, in which the irreversibly inflamed portion of the coronal pulp could be removed. 11 There is no consensus with regard to the depth of intervention while performing VPT, and the field lacks enough randomized controlled clinical trials to draw clinical conclusions.
The capping material of choice is an important factor affecting the prognosis of VPT. 12 More recently, calcium silicate materials (CSMs) have been increasingly acknowledged as pulp capping materials, and their functional effects are mainly compared with calcium hydroxide (CH). [13] [14] [15] A meta-analysis showed that mineral trioxide aggregate (MTA) achieved a higher success rate in VPT than CH, due to its better chemical and physical properties, antibacterial activity, biocompatibility and sealing properties. [16] [17] [18] [19] Currently, a new range of CSMs, such as Biodentine TM (Septodont, Saint-Maur-des-Fosse´s, France) and iRoot V R BP Plus/BioAggregate V R (Innovative BioCeramix, Burnaby, BC, Canada), are available; with manufacturers claiming that these materials have similar advantages to MTA but without its disadvantages. 14, 15 Despite the benefits of CSMs for VPT, they may not yet be widely adopted in clinical practice, as many dentists may still be unaware of their clinical performance and the doctrinal change towards VPT. 20, 21 Considering the developments in pulpcapping materials and notable advances of VPT techniques in clinical practice, information on the factors that influence the use of VPT is limited. The aim of this study was to survey the use of VPT (DPC or PP) in permanent teeth by dentists in Guangdong Province, a heavily populated and well-developed province in the southern part of China. All members of the Guangdong Society of Endodontology, including endodontists and general practitioners with qualified training in endodontics, were invited to participate in this survey. The purpose of the study was: (i) to investigate the frequency of the use of VPT in permanent teeth and current application of CSMs in VPT; and (ii) to explore the dentist-related factors associated with the adoption of VPT and the use of CSMs for VPT, which could assist tailoring implementation intervention in clinical education. 22 
Materials and methods

Study design
This clinical survey invited all dentists who had registered successfully as members of the Guangdong Society of Endodontology before December 2017 to participate in this survey. The questionnaire was presented online (www.sojump.com) and sent to all the members via an email or WeChat, a web-based multimedia messaging application, by the Department of Operative Dentistry and Endodontics, Guanghua School of Stomatology, Hospital of Stomatology, Sun Yat-sen University, Guangzhou, Guangdong Province, China. This survey commenced on 12 December 2017. A reminder was sent 3 weeks after the launch. After a total of 9 weeks, the survey was closed. This clinical survey was approved by the Ethics Review Committee, Guanghua School of Stomatology, Sun Yat-Sen University (no. ERC-[2017]-06). All responses from the participants were analysed anonymously so informed consent was not required.
Questionnaire
The questionnaire was adopted with modification from a previously published questionnaire, after obtaining permission from the authors. 23 An expert panel consisting of seven endodontists was invited to evaluate the questionnaire in the target language. 24 After the expert panel reached an agreement on the equivalence in the concept and content of the questionnaire, it was back-translated by a bilingual dentist and compared with the original version to ensure that the fidelity of the original text was maintained.
Eighteen items were recorded, including respondents' demographics (age, education level, years of practise, current work setting and specialty) and current status of their use of VPT. The following aspects of VPT use were investigated (Table 1) , including the frequency of the use of VPT, the choice of materials for VPT, the period of use of CSMs in VPT, the reasons for not applying VPT or not using CSMs in the VPT procedure, and ways to learn VPT and CSMs. Prior to the formal survey, a pilot study was performed among 18 postgraduate students in Guanghua School of Stomatology, Sun Yat-Sen University to test suitability. After evaluating the responses, the questionnaire was considered appropriate and used as the final version in this survey.
Statistical analyses
All statistical analyses were performed using PASW Statistics for Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA). Data on the demographic profile of respondents, frequency of the use of VPT and application of CSMs in VPT were analysed using descriptive statistics. v 2 -test was used to assess respondent characteristics (age, education level, years of practise, work setting and specialty) in relation to the adoption of VPT and use of CSMs for VPT. Multivariate binary logistic regression analysis was performed to identify independent dentistrelated factors associated with the adoption of VPT and the use of CSMs for VPT, with variables being entered stepwise and then removed if P > 0.1. A P-value < 0.05 was considered statistically significant.
Results
A total of 183 registered members of Guangdong Society of Endodontology completed the questionnaire, representing a response rate of 48.2% (183 of 380 members). Guangdong Society of Endodontology, affiliated to the Guangdong Stomatological Association, is a society of endodontists and general practitioners with qualified training in endodontics. Table 2 summarizes the respondents' demographic characteristics. Almost half of the respondents (86 of 183 respondents; 47.0%) had qualified and worked for over 10 years. A total of 123 of 183 respondents (67.2%) practised as endodontists while others were general practitioners. Endodontists were dentists who had postgraduate training (specialty training, master's degree or above in endodontics) after obtaining a bachelor's degree, exclusively performing endodontics. General practitioners were those who qualified on the endodontic course and had received clinical training as visiting dentists. They incorporated endodontic treatment in their daily clinical work.
A total of 165 of 183 respondents (90.2%) had ever used VPT as a procedure in the remit of their service. Among the respondents, 89.6% (n ¼ 164) had used DPC, while 55.2% (n ¼ 101) had used PP. Figure 1 shows the distribution of monthly performance of DPC and PP in 2017, indicating that VPT (DPC or PP) was performed infrequently. Eighty-two of 164 respondents (50.0%) performed DPC at least once a month, whereas 31 of 101 respondents (30.7%) performed PP at least once a month ( Figure 1 ). The two most common reasons selected by the 18 respondents who had never used VPT were 'unfamiliarity with VPT' (61.1%; n ¼ 11) and 'uncertain outcome' (55.6%; n ¼ 10). In addition, 'difficulty in operation' (38.9%; n ¼ 7), 'time' (11.1%; n ¼ 2) and 'cost' (5.6%; n ¼ 1) were also cited as barriers to the use of VPT.
Mineral trioxide aggregate was the most commonly selected material for DPC (67.1%; 110 of 164 respondents) and PP (73.3%; 74 of 101 respondents), followed by other CSMs (Figure 2 ). Overall, 79.4% of respondents who had ever used VPT (131 of 165 respondents) practised VPT using Table 1 . Questions in relation to the use of vital pulp therapy (VPT) that were included in a questionnaire used to investigate the frequency of the use of VPT in permanent teeth and the current application of calcium silicate materials in VPT by dentists in Guangdong Province, China.
1 -Frequency of the use of direct pulp capping/ partial pulpotomy (1) . Have you ever practised direct pulp capping in permanent teeth in your daily routine? (2) . Have you ever practised partial pulpotomy in permanent teeth in your daily routine? The v 2 -test revealed a significant association between all five dentist-related factors and the uptake of DPC (P < 0.05) ( Table 3 ). The impacts of 'age' and 'years of practise' on the use of PP were significant (P < 0.05). Three characteristics, including 'education level', 'work setting' and 'specialty' had significant effects on the use of CSMs for VPT (P < 0.05). Compared with other age groups, the respondents in the age group of 41-50 years had the largest proportion using DPC (100.0%; 32 of 32), PP (78.1%; 25 of 32) and CSMs for VPT (87.5%; 28 of 32). CSMs were the materials of choice for 90.6% (106 of 117) of endodontists and 52.1% (25 of 48) of general practitioners. Logistic regression analysis showed that endodontists were more likely to perform DPC and to use CSMs for VPT than general practitioners (odds ratios 5.81 and 8.07, respectively, P < 0.05) ( Table 4) . Respondents with more work experience tended to perform DPC and use CSMs for VPT more often than those having less than 5 years of practise (P < 0.05). Older respondents were more likely to perform PP, up to 50 years of age (P < 0.05).
Ways to learn VPT were investigated among respondents who performed VPT (n ¼ 165). According to this current survey, the most popular way to learn about VPT was published literature/books (85.5%; n ¼ 141), followed by lectures (66.7%; n ¼ 110), continuing education courses (65.5%; n ¼ 108) and colleague recommendation (54.5%; n ¼ 90). The internet (27.3%; n ¼ 45) appeared to be a novel *The levels of education are based on the Chinese medical education system. Vocational diploma, 3 years of study in the junior dental school after high school can lead to a vocational diploma in dentistry. The holder of a vocational diploma becomes an assistant dentist after passing the National Medical Licensing Examination (NMLE). Then they can practise under the supervision of a licensed dentist. With a minimum of 2 years of supervised practise, they can obtain a dental license after passing the NMLE. Bachelor's degree, 5 years of undergraduate study in the dental school after high school can lead to a bachelor's degree. Master's degree/doctorate degree, 3-6 years of postgraduate study in the dental school can lead to a master's/doctorate degree.
approach to learn about VPT. When investigating dentists' attitudes to continuing education courses, a total of 154 of 165 respondents (93.3%) agreed that continuing education courses were useful to popularize the use of CSMs for VPT.
Discussion
In light of the favourable outcomes following the use of VPT for exposed pulps, 6, 14 surveys on the management of pulp exposure with VPT among dental practitioners have been done in other countries and regions with the response rates ranging from 25% to 68%. 23, 25, 26 Although an optimal response rate of 70-80% is preferred to minimize the risk of bias, 27 a response rate as low as 43% could be considered the least nonresponse bias. 28, 29 The response rate of 48.2% in this current study is therefore considered acceptable to control the risk of bias. However, incentive strategies such as personalized mailing and prompts and follow-up contacts, are highly recommended to improve the response rate in further survey research involving dental practitioners. 30 Data from 123 endodontists and 60 general practitioners presented the current management of pulp exposures with VPT among members of Guangdong Society of Endodontology, which helped provide preliminary insights into the current situation in Southern China.
Responses from this current survey showed that although most respondents had attempted VPT, DPC was performed infrequently and PP was rarely performed on a monthly basis in 2017. This was similar to another survey mainly among general practitioners in Wales, UK, which showed that a low frequency of VPT was undertaken on a monthly basis, although most of the respondents had considered VPT in the remit of their services. 23 These current results indicated that VPT techniques are not currently adopted as a routine treatment modality by dentists in Guangdong Province. In the present survey, 'unfamiliarity with VPT' was the most frequently cited barrier to the use of VPT by those respondents that had not used VPT. It appears that the lack of specific training among respondents might hinder the spread of VPT use in Southern China. Since endodontic therapy has been shown to be a predictable treatment of choice for cases with inflamed pulps, 31 standardized RCT procedures have been incorporated into undergraduate programmes and continuing education courses in China during the past 30 years. Most premier, city dwelling Chinese dentists who are well trained may prefer to choose RCT for teeth with potential pulp infection when the pulp is exposed. 'Uncertain outcome' was the second most frequently cited reason preventing respondents from using VPT. The present study revealed that more than half of respondents who had never used VPT doubted the effectiveness of VPT when treating pulp exposures in permanent teeth. This finding may be attributed to the fact that VPT using CH produces variable results, 32 which makes practitioners prudent with VPT. Furthermore, the currently available diagnostic tools fail to provide dentists with directions as to what is saveable pulp, or a pulp that should be removed and replaced by a root filling. 33, 34 When the pulp is exposed, practitioners may prefer to adopt other treatment modalities with more DPC, direct pulp capping; PP, partial pulpotomy.
predictability. A series of clinical studies have shown that the advent of CSMs extends the clinical indications for VPT and makes the outcomes more predictable. 3, 12, 14 However, respondents in this current survey might not realize the improved clinical outcomes of VPT accompanied with the development of new materials for exposed pulps, which may hamper the application of VPT. In this current study, it is interesting to find that PP is less widely used than DPC, which is in line with other surveys. 23, 25, 35 This finding might indicate that the majority of dentists are concerned about the operational difficulty of PP in permanent teeth. 25 With regard to the selection of materials for VPT, 'high cost' and 'lack of training' heavily resulted in the avoidance of CSMs in VPT despite the favourable outcome of VPT with CSMs, which is similar to the outcomes of the survey in Wales, UK. 23 When selecting an appropriate material, dentists may take into account the profitability, with there being such a high market price of CSMs, especially for those without funding support. However, from a patient's perspective, a cost-effectiveness analysis based on the German healthcare system indicated that MTA was a more cost-effective material than CH for DPC despite higher initial treatment costs, since expensive retreatments were avoided. 36 In spite of the potential financial dilemma for practitioners, CSMs should be the preferred materials of choice for VPT in order to take advantage of their better chemical and physical properties than CH. 36 Further specific cost-effectiveness analyses based on disparate healthcare systems are required.
Generally, practitioners with a longer clinical experience showed a stronger inclination to use DPC and CSMs for VPT in this study, indicating that experienced dentists might have a better understanding of pulp biology and better access to newly marketed materials. It has been reported in several surveys that 'years of experience' is an important dentist-related factor regarding clinical diagnosis, material selection and treatment strategy. [37] [38] [39] On the other hand, this current study showed that endodontists have a higher chance of using DPC and CSMs for VPT than general practitioners. Endodontists are more likely to be updated with the current literature, thus being well-informed about the potentially better outcome presented for VPT using CSMs. 26 Previous studies also found that differences in specialty backgrounds might affect endodontic diagnosis and treatment decisions, and endodontists showed the most consistent agreement for treatment decision than other groups (including general practitioners, undergraduate students and postgraduate students). 40, 41 Currently, it seems necessary to develop a VPT training strategy to promote this clinical practice among general practitioners in Southern China. Continuing education courses, by which 65.5% of respondents learned new approaches to VPT in this current study, have been reported to be beneficial for general practitioners to adopt new technologies when performing endodontic treatment. 42 Hence, specific continuing education courses might be one of the primary ways to update the knowledge on VPT and to incorporate VPT with CSMs for dentists, especially for general practitioners.
In this current study, 'age' was the factor associated with the application of PP. Dentists over 30 years old were more likely to perform PP treatment in potentially infected pulp in permanent teeth than dentists 30 years old. In consideration of the possibility of bacterial invasion beneath the exposure site, older practitioners might implement PP more easily by removing part of the pulp before capping the medication than younger practitioners, while younger dentists 30 years might prefer other treatment modalities. It is notable that the factor 'age' partly reflected the respondents' working experience, which is somewhat similar to factor 'years of practise'. The associations of these two factors with VPT reflect the differences in the therapeutic ideas and treatment options between beginners and veterans when managing pulp exposures. Beginners might tend to follow established treatment procedures, while experienced practitioners might try to improve themselves with advanced knowledge and techniques.
Although this study showed that dentistrelated factors (speciality, years of practise and age of dentists) were associated with the use of VPT, the interpretation of survey data must consider the risk of participation bias, since the survey was carried out in members of Guangdong Society of Endodontology. It is noteworthy that the general practitioners who registered as members of Guangdong Society of Endodontology are those having a special interest in endodontics; thus the general practitioners in this survey may not be representative of general practitioners who were not members of the Society of Endodontology. 43 The clinical details related to VPT, such as the management of deep caries and diagnostic criteria of pulp status, will be investigated in future studies. In addition, investigations on tooth-related factors and patient-related factors with the use of VPT are also needed to be able to develop guidelines. Evidence of the impact of factors, such as the types of VPT used and clinical symptoms correlated with the histological state of the inflamed pulp, on treatment prognosis is needed.
In conclusion, speciality, years of practise and age of dentists influenced the decision-making process and the choice of materials for VPT. Continuing education to train practising dentists is essential to promote the clinical use of VPT.
